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Abstract 
Wind loads and its effects on the roof and walls constitute an important part in building design. This paper discusses 
the wind tunnel study on wind loads on gable roof building with interference of boundary wall. The pattern of wind 
load distribution on a test building at gable roof building has been studied in a wind tunnel on a 1:25 geometrical 
scale model in the presence of a boundary wall and reported in this paper. The size of building model is based on 
commonly available low rise gable roof buildings in India. A building with roof extend overhang has been used and 
data obtained under a simulated wind condition for open country and suburban terrain in a Boundary Layer Wind 
Tunnel at Indian Institute of Technology Roorkee, India. 
The study provides information on pressure variations on overhang, roof and wall surface of gable roof building due 
to interference effect of a boundary wall. It has been observed that pressure values reduce significantly due to 
presence of boundary wall. In general, it has been found that with an increase in the distance between the building 
and the boundary walls, maximum interference effect occurs on overhang, roof and wall surface of building at 
different distances of boundary wall and then the effect tapers off. Further possible issues have also been discussed 
for the interference effect on wind loads on gable roof building. 
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1. INTRODUCTION
Most of the studies on low-rise buildings in recent years have focused on buildings free from 
obstruction in the surroundings. However, most of the low-rise buildings are situated in urban areas in 
close vicinity of neighbouring buildings and other structures. (Ho et al. 1991 and 1992) studied effect of 
the surroundings on the wind loads on flat roof low-rise buildings. The test was carried out on three types 
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of cases as ‘random city case’, ‘nine block city’, and ‘isolated building case’. They concluded that with 
the increased surrounding obstruction, the mean wind pressure acting on the building decreased, while the 
unsteady pressure increased. Pressure on the building exhibited large variation, thereby pointing towards 
possibility of large variation in the building loads.  
(Holmes 1994) studied effect of grouping of houses in characteristic suburban street patterns. It was 
found that significant increase in the magnitude of the negative roof pressure occurs when one extra half 
row of houses is added to each side of an isolated low set house. The shielding effects of upwind 
buildings are dependent strongly on the ratio of building spacing to height. Since numerous situations are 
possible amongst the surroundings for a building or group thereof, generalization of results for the effect 
of interference is difficult, and has not even been attempted. The best that can be expected from more 
studies is a widened database with possibly some kind of generalization for different ‘categories’ of 
situations. (Stathopoulos 1993) carried out wind tunnel tests to examine the effect of the location of trees 
near a low-rise building and concluded that pressure coefficients for the building with adjacent trees are 
generally lower than those specified by wind standards and codes of practice. (John et al. 2009) studied 
TTU (Texas Technical University) building model and discussed the effect of a boundary wall on the 
wind load and it has been found that pressure coefficients change significantly on both roof and walls of 
building in the presence of the boundary wall placed at varying distances. 
The authors in the paper have presented the variation of wind load on the roof, overhang and walls of 
the low-rise gable roof building with 25o roof slope and discussed in the presence of a boundary wall at 
varying distances.  
 
Figure 1: Schematic of tap location on different locations of building model 
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2. EXPERIMENTAL PROGRAM 
Wind tunnel tests were conducted in an open circuit atmospheric boundary layer wind tunnel at the 
Indian Institute of technology Roorkee (India). The wind tunnel has a cross section 2.1m x 2.0m with a 
test section of 15m length. The wind speed of 18m/s can be achieved in the wind tunnel.  
2.1. Building model  
Building model of a geometric scale of 1:25 with 25o gable roof was fabricated representing a building 
of height (H) 3.25m, width (B) 3.75m and length (L) 7.5m. Roof overhang extended up to 1.5m from the 
building wall. Such buildings are regarded as simplified model of typical low rise buildings in India for 
warehouses and residential houses. For the experiment, height of boundary wall is 1.65 m has been 
considered. Experiment was performed for the angle of wind attack of 0o to 90 o with an interval of 15o. 
The test building was placed in such a way that the wind direction ș = 0o is normal to the ridge. The 
layout of pressure taps and different zones on overhang, roof and walls are shown in Figure 1 and 2. 
Particular attention has been paid to the position of pressure taps near the edge and corner of the eaves 
where the airflow may become separated to form a region of high velocity gradient with high local 
turbulence and vortices. 
 
Figure 2: Different zones on roof and walls of building 
2.2. Establishing flow conditions 
For the present study mean velocity and longitudinal turbulence intensity profiles for terrain category 
simulated in the wind tunnel have been shown in Figure 3. The velocity profile has a power law exponent 
(Į = 0.14). The values of mean velocity and longitudinal turbulence intensity at the eave height (H) of the 
model have been found to be 9.2 m/s and 18% respectively.  
The longitudinal length scale of turbulence Lux, was determined by calculating area under the 
autocorrelation curve of the fluctuating velocity component. At a height H of 156mm, Lux is about 0.45 m. 
The equivalent full-scale Lux is approximately 45 m. 
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Figure 3: The mean velocity and turbulence intensity profile from the wind tunnel 
2.3. Data acquisition and pressure measurement 
Pressure taps (10mm long, 1.3mm external diameter and 1mm internal diameter) of stainless steel tube 
were fixed through the holes drilled into the Perspex sheet. One end of the tap was flushed with the roof 
surface. Tubing for measuring surface pressure consisted of 300mm vinyl tube with a 20mm long 
restrictor placed at 200mm from the pressure point. Pressure measurements were carried out by using a 
Scanivalve ZOC23B, a 32-port pressure scanner, having a linear response up to 200 Hz. The sampling 
rate was kept at 500 samples per second per channel. The duration of each run was 16 seconds. 
Pressure coefficients (mean, maximum, minimum, standard deviation) have been measured on the 
overhang, roof and wall surfaces for different location of boundary wall. Experiment was performed for 
the angles of the wind incidence from 0o to 90o at an interval of 15o for the isolated condition. However, 
for building with boundary wall wind directions 0o, 30o, 60o and 90o have been considered and maximum 
has been selected as design value. Wind pressures measured on the building models are expressed in the 
form of a non-dimensional pressure coefficients defined as follows: 
Cp = 2
0
2/1 U
ppi
U

 
where, p0 = static (ambient, atmospheric) reference pressure, pi = instantaneous surface pressure, ȡ= air 
density, U = mean velocity measured at eaves height of the model. 
Since pressure at any point on roof of the building is fluctuating with time, the pressure coefficient can 
also be treated as time varying quantity. Following statistical quantities of pressure coefficient were 
obtained from sampled time history, Cp. 
Mean value = Cpmean = ( )
1
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i
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¦ , where N is the total number of samples, Cpmin = min of Cp; Cpmax = 
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3. EXPERIMENTAL RESULTS 
Figures 4 and 5 show the variation of pressure coefficients on the overhang, roof and wall surface of 
the building for the isolated condition as well as in the presence of boundary wall at different distances 
(D). These results show that the pressure distribution on the building for isolated condition changes 
significantly, when boundary wall is present. Results of gable building model have been presented 
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separately for overhang, roof and wall surface. In Figures 4 and 5, D/H = 0 implies no boundary wall. The 
wake produced by the interfering effect of boundary wall changes the flow separation points on the test 
building. This leads to a change in pressure distribution on the overhang, roof and wall surfaces of the 
building.  
3.1. Study of overhang 
Figure 4a shows the variation of Ƙpmean (net-mean-pressure coefficient) for different zones of overhang 
when building is influenced by interference of boundary wall at different distances. Significant changes 
have been observed in pressure variation on the overhang. It has been observed that for isolated condition, 
value is -1.31 on overhang, and shows maximum positive values of +1.37 when boundary wall is located 
at a distance of 2H from the building. Further increase in the distance of boundary wall reduces the 
pressure values. Design values for overhang obtained from experiment have been compared with codal 
values and given in Table 1.  
 
a)                               b) 
Figure 4: a) Net Mean Cp on overhang for ș = 0o for varying distance of boundary wall, b) Cpq on roof for ș = 0o for varying distance 
of boundary wall 
A comparison of experimental results for overhang with ASCE 7-05 shows that the values of Cpq 
(design pressure coefficient) for isolated condition are conservative for all zones of overhang. However, 
experimental values of Cpq change from negative to positive when boundary wall position is at a distance 
of two times the height of building wall. The positive values of Cpq discussed above are considerably 
higher and these values have not been mentioned in ASCE 7-05.  
Hong Kong Code (HK 2004) has suggested both positive and negative values of pressure coefficients 
for zones at the Edge and other areas of overhang. The areas within a distance from the edge of the 
canopy equal to 0.2 times the span of the canopy have been considered as the edge zones in this Code. A 
value of -1.25 (net-upward) is specified as pressure coefficient for the overhang portion for all roof slopes 
in the Indian Code [IS: 875 (Part 3) - 1987]. 
3.2. Study of roof surface 
The variation of design pressure coefficients on the roof of gable building model in presence of 
boundary wall located at different distances are shown in Figure 4b. From Figure 5 it is observed that 
Zone - C1 Zone - C2
Zone - B1 Zone - B2
-3.0
-2.0
-1.0
0.0
1.0
2.0
0 1 2 3 4 5 6 7
D/H
Cp
 n
et
-m
ea
n
Zone-A Zone-E Zone-G
Zone-D Zone-F Zone-H
-2.5
-2.0
-1.5
-1.0
-0.5
0.0
0 1 2 3 4 5 6 7
D/H
C
p
ALOK DAVID JOHN et al. / Procedia Engineering 14 (2011) 1776–1783 1781
value of design pressure coefficient of -0.7 at isolated condition reduces up to -0.3 when D = 3H, similar 
changes have been found for other zones of roof surface. 
Table 1: Comparison of experimental Cpq of overhang with Codes and Standards 
Overhang 
Zone 
Experimental Cpq Codal Values 
Without Boundary wall 
With boundary wall  
at, D = 2 H 
HK 2004 ASCE 7-05 ++ IS: 875 part 3 
B1 -1.85 1.51 +2.0 and -2.0 
-2.2 -1.25* 
B2 -1.42 1.20 +1.2 and -1.2 
C1 -2.72 1.41 
+2.0 and -2.0 -3.7 -1.25* 
C2 -2.53 1.42 
  ++ ASCE 7-05 provides only negative values of Cpq for overhangs, 
* Negative indicates net-upward 
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a)                                     b) 
Figure 5: Variation of Cpq for wall Surface of Building a) +ve Cpq, b) –ve Cpq 
3.3. Study of wall surface of building  
In the presence of boundary wall, significant reduction in both positive and negative values of pressure 
coefficients have been found on the wall surface of building. The maximum reduction for positive 
pressure is found when the spacing of boundary wall from the building is 1.5H. Negative pressure values 
for the building wall reduce significantly when wall position is at a distance equal to three times the 
height of building wall. The pressure coefficients on different zones of wall surfaces of building in 
presence of boundary wall are shown in Figure 5. From these figures, it can be observed that with an 
increase in the distance between the building and the boundary wall, initially there is a decrease in the 
magnitude of positive and negative pressure coefficients on the wall surface of the building and then the 
effect of pressure reduces. The maximum positive value of design pressure coefficient, Cpq is observed to 
be 1.66; this value decreases up to 0.60 when the distance between the building and the boundary wall is 
1.5H. For suction on building wall, it reduces from -1.65 to -1.0 when distance of boundary wall is 3H 
from the building. Contours of mean pressure coefficients for the overhang, roof and wall surfaces at 0o 
angles of wind incidence are presented in Figure 6. The contours have been drawn for isolated condition 
and in presence of boundary wall at different distances. 
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a)                                   b)                         c) 
 Figure 6: Variation of mean pressure coefficient for isolated and with boundary wall at ș = 0o a) Net-mean Cp on overhang b) roof 
surface of building, c) wall surface 
4. FURTHER POSSIBLE ISSUES 
Numerous research works are being conducted on the gable roof buildings globally to further explore 
scope for investigation in order to improve the understanding of the mechanism of wind damage to low-
rise buildings. The following recommendations for future study can be arrived at, based on the present 
experimental research study. 
y A study on possible effects on the pressures due to varying height ratio of building and boundary 
wall needs to be examined. A study for similar effects could yield interesting results, if the 
boundary wall is porous.  
y This study focuses only on wind-induced exterior pressures. Substantial interior pressures are 
likely to occur in the presence of building openings. The examination of breached building 
envelop would be of interest. 
5. CONCLUSION 
The objective of this investigation is to develop the importance of wind interference on gable roof low 
rise building. Interference due to boundary wall on building has been studied and presented in this paper. 
It has been found that the pressure values reduce significantly due to presence of the boundary wall. For 
roof and wall surface of building, 60% of pressure values have been reduced if boundary wall distance is 
3H and 1.5H from the building. Overhang shows change in the pressure values from negative (-1.81) to 
positive (1.51) which are considerably higher and have not been considered by Indian and American 
codes. However, Hong Kong code shows values on conservative side. The research will provide useful 
information for improving the building Codes. 
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